On the southeastern slope of the Baranec Mount in the Western Tatra Mountains (Slovakia) an apatite-rich pegmatite-like segregation was found in the subvertical fault zone cutting metapelitic rocks. Two zones: felsic (F) and mafic (M) were found, differing in mineral assemblages and consequently in chemistry. Fluorapatite crystals yield a LA-ICP-MS U-Pb age of 328.6 ± 2.4 Ma. A temperature decrease from 634 °C to 454 °C at a pressure around 500 to 400 MPa with oxygen fugacity increasing during crystallization are the possible conditions for formation of the pegmatite-like segregation, while secondary alterations took place in the temperature range of 340 -320 °C. The Sr-Nd isotope composition of both apatite and whole rock point toward a crustal origin of the dike in question, suggesting partial melting of (P, F, H 2 O)-rich metasedimentary rocks during prolonged decompression of the Tatra Massif. The original partial melt (felsic component) was mixed with an external (F, H 2 O)-rich fluid, carrying Fe and Mg fluxed from more mafic metapelites and crystallizing as biotite and epidote in the mafic component of the dyke.
Introduction
Syntectonic veins cutting metamorphic complexes are important in deciphering the geological processes acting during uplift and decompression in collisional orogens (Druguet et al. 2008; Chen et al. 2012) . Such veins, being a result of channelized fluid/melt flow, are discordant or parallel to host rock foliation and could be classified as pegmatites (Liebscher et al. 2007; Chen et al. 2012) . In particular, the mineral assemblages and geochemical features of pegmatite-like mineral segregations carry information about the partial melting processes, the origin and evolution of the melts and fluids during plate subduction, new melt generation and the interaction between fluid, melt and country rocks during decompression (e.g., Miller et al. 2002; Schmidt & Poli 2003; Lü et al. 2012) . The mineral composition of such veins is simple (feldspar, quartz, micas, amphiboles, pyroxenes, epidote-group minerals in different proportions, with accessories like garnet, zircon and apatite; Chen et al. 2012; Lü et al. 2012 ) and they do not show the typical pegmatite zonation (Simmons & Webber 2008) .
Fluorapatite-rich veins are rarely found in the Tatra Mountains (Fig. 1a, b) and were subdivided as a special type, differing from the typical muscovite-type pegmatites (Gawęda 1993 (Gawęda , 1995 . The muscovite-type pegmatites were connected to a muscovite dehydration melting process, and dated by whole-rock Rb-Sr method at ca. 345 Ma (Gawęda 1995) . On the southeastern slope of the Baranec Mount (Western Tatra Mountains; Fig. 1b ,c) an apatite-rich pegmatite-like dyke was found in a subvertical fault zone, which also hosts an eclogite boudin and is bordered by strongly mylonitized metapelitic rocks (Fig. 1c) . The aim of this paper is to decipher the origin and age of the apatite-rich pegmatite-like dyke. Apatite LA-ICP-MS U-Pb dating was used to constrain the timing of crystallization and decompression activity which is then compared to published data from the crystalline basement of the Tatra Mountains.
Geological setting and sample description
The Tatra Mountains represent the northernmost crystalline core of several "core mountains", present within the realm of the Central Western Carpathians (Fig. 1a,b) . The crystalline core of the Tatra Mountains comprises a Variscan polygenetic granitoid pluton and its metamorphic envelope (Fig. 1b; Morozewicz 1914; Kohút & Janák 1994; Gawęda et al. 2016) . Crystalline rocks are partly covered by Mesozoic sedimentary successions as a result of the Alpine orogenesis. The metamorphic envelope to the polygenetic granitoid intrusion is exposed mostly in the western part of the massif and is strongly migmatized at 365-360 Ma (Burda & Gawęda 345 Ma (Gawęda 2008; Burda et al. 2013a; Gawęda et al. 2016) . Variscan exhumation of the Tatra crystalline massif, post-dating the intrusion, was suggested to have occurred at ca. 340 Ma, with cooling rate of ca. 30 °C / Ma (Moussalam et al. 2012) . Recent LA-ICP-MS U-Pb dating of fluorapatite crystals from Tatra granitoids has demonstrated that the end of high temperature tecto magmatic activity in the crystalline rocks of the Tatra Mountains took place at ca. 340 Ma .
The investigated coarse-grained dyke was found on the southeastern slope of Baranec Mount (Western Tatra Mountains) within the sub-vertical fault zone (Fig. 1c) . The vein is bordered by mylonitic gneisses to the south and by an eclogite boudine to the north, and its maximum thickness in outcrop is ~ 1 metre. The dyke contains two components: "mafic" (M) and "felsic" (F), up to 10 -20 cm in size, chaotically distributed within the vein (Fig. 2 a,b) . The northern margin, close to the eclogite boudin, is enriched in the mafic components. The felsic component is composed of plagioclase (locally antiperthitic) up to 2 cm in size and quartz, sporadically showing graphic-like intergrowths, euhedral prismatic fluor apatite crystals up to 15 mm long ( Fig. 2 b, c) , and REE-rich epidote as an accessory component. The mafic parts consist of dark mica (up to 1 cm in diameter), short prismatic fluorapatite ( Fig. 2 b,d ), plagioclase, quartz and allanite-(Ce) to epidote as main minerals, and accessory K-feldspars, muscovite and Mn-rich ilmenite. The very coarse grained (cm-size) texture and local presence of plagio clase-quartz graphic intergrowths in "F"-component resemble the pegmatite, but a typical pegmatite zonation is lacking, which calls into question the classification position of the analysed segregation.
Sampling and experimentals
Sampling, microscopy and whole rock analyses Three samples were selected for analyses: one representing the felsic component ("F"), the second representing the mafic ("M") component and the third, in the amount of ~ 5 kg, representing a mixture of both types ("T"), in equal proportions ("F+M"). The microscopic observations were carried out at the Faculty of Earth Sciences, University of Silesia, using an Olympus BX-51 microscope. The whole rock analyses of three samples (F, M, T) were done by XRF for major and LILE trace elements and ICP-MS for HFSE and REE in the ACME Analytical Laboratories (Canada). REE were normali zed to C1 chondrite (Sun & McDonough 1989) .
Electron probe micro analyses (EPMA)
Microprobe analyses of main and accessory minerals were done in the Inter-Institutional Laboratory of Microanalyses of Minerals and Synthetic Substances, Warsaw, using a Cameca SX 100 electron microprobe operating in the wavelength-dispersive spectroscopic (WDS) mode under the following conditions: 15 kV accelerating voltage, 20 nA beam current, 1-5 μm beam diameter, peak count-time of 20 s and background time of 10 s. Standards, analytical lines, diffracting crystals and mean lower detection limits (in wt. %) were as follows: barite -S (Kα, PET, 0.04), apatite -P (Kα, PET, 0.03), diopside -Mg (Kα, TAP, 0.02), orthoclase -Al (Kα, TAP, 0.02), Si -(Kα, TAP, 0.02) and K (Kα, PET, 0.03), GaAs -As (Mα, PET, 0.04), ThO 2 -Th (Mα, PET, 0.04), wollastonite -Ca (Kα, PET, 0.03), Y 3 Al 5 O 12 -Y (Lα, TAP, 0.04), La-rich glass -La (Lα, PET, 0.03), CeP 5 O 14 -Ce (Lα, PET, 0.03), NdGaO 3 -Nd (Lβ, LIF, 0.03), STiO 3 -Sr (Lα, TAP, 0.03) hematite -Fe (Ka, LIF, 0.09), rhodohrosite -Mn (Kβ, LIF, 0.03), scapolite -Cl (Kα, PET, 0.03), phlogopite -F (Kα, TAP, 0.04). The apatite analyses have been normalized to the sum of 50 negative charges including 24 oxygen ions and two monovalent anions (fluorine site), according to the ideal chemical formula of fluor apatite: A 10 (BO 4 ) 6 (X) 2 where site A is occupied by Ca, Fe, Mn, Mg, Th, REE, Y and Na, site B by P (substituted by S, Si) and site X by F, Cl and OH group. For all others minerals, their normalization parameters as well as limits of detection (LoD) are given in tables.
Cathodoluminescence
CL images of feldspars were obtained using CCL 8200 mk3 apparatus (Cambridge Image Technology Ltd.), mounted on an Optiphot 2 Nikon microscope in Polish Geological Institute -National Research Institute, Warsaw. The applied acceleration voltage was 20 kV, the beam current 500 mA and the vacuum 67-27 Pa.
Isotopic analyses
The Sm-Nd and Rb-Sr analytical work was performed at the Laboratory of Geochronology, Department of Lithospheric Research, University of Vienna. Results are based on ID-TIMS procedure.
Sample digestion for Nd-Sr analysis was performed in Savillex ® beakers using an ultrapure 4:1 mixture of HF and HNO 3 for 10 days at 110 °C on a hot plate. For whole rock powders, a minimum dissolution time of 3 weeks was applied to ensure complete leaching of the REEs from refractory material. After evaporating the acids, repeated treatment of the residue using HNO 3 and 6 N HCl resulted in clear solutions for all samples. The REE fraction was extracted using AG ® 50W-X8 (200 -400 mesh, Bio-Rad) resin and 4.0 N HCl. Neodymium was separated from the REE fraction using teflon-coated HdEHP, and 0.24 N HCl as elution media. Strontium separation followed conventional techniques, using AG ® 50W-X8 (200 -400 mesh, Bio-Rad) resin and 2.5 N HCl as eluants. Maximum total procedural blanks were < 1 ng for Sr and 50 pg for Nd and were taken as negligible. Neodymium and strontium were run as metals from a Re double filament, using a ThermoFinnigan ® Triton TIMS, using La Jolla (Nd) and the NBS987 (Sr) international standards, respectively. Flem et al. (2002) and Flem & Müller (2012) .
Fluorapatite analyses and dating
Apatite crystals separated by handpicking were mounted in 25 mm diameter epoxy resin pucks, then ground and polished to expose the grain interiors. The fluorapatite crystal morphologies were imaged by scanning electron microscopy on a FET Philips 30 electron microscope (15 kV and 1 nA) at the Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland.
For trace element and isotopic analyses apatite crystals were selected from mafic and felsic components. Apatite U-Pb data were acquired using a Photon Machines Analyte Exite 193 nm ArF Excimer laser-ablation system coupled to a Thermo Scientific iCAP Qc at the Department of Geology Trinity College Dublin. Cochrane et al. 2014 ) was used as the primary apatite reference material in this study while McClure Mountain syenite apatite (523.5 ± 2.1 Ma; Chew & Donelick 2012) was used as a secondary standard. NIST 612 standard glass was used as the apatite trace element concentration refe rence material. The raw isotope data were reduced using the "VizualAge" data reduction scheme (Petrus & Kamber 2012) of the freeware IOLITE package of Paton et al. (2011) . Sample-standard bracketing was applied after the correction of down-hole fractionation to account for long-term drift in isotopic or elemental ratios by normalizing all ratios to those of the U-Pb reference standards. Common Pb in the primary apatite standard was corrected using the 207 Pb-based correction method using a modified version of the VizualAge DRS (Schoene & Bowring 2006) . REE contents were normalized to C1 chondrite (Sun & McDonough 1989) .
Results

Petrography and mineral chemistry
Plagioclase crystals in the felsic component of the vein are andesine (An 30 Ab 70 -An 35 Ab 65 ), they show typical mechanical twinning (so-called ladder structures; Fig. 3a ) and a greenish CL colour (Fig. 3b) Pb ratio from 6 plagioclase crystals equals 0.8611 ± 0.0051.
Quartz in the felsic component is intergrown with plagioclase while in the mafic component milky to smoky quartz fills the wedge-shaped intracrystalline fractures in plagioclases. The trace elements content in quartz differs slightly between the two components (Table 3) . Aluminium, the most common trace elements in quartz (e.g., Götze et al. 2001; Müller et al. 2003) , is low in both zones, with similar concentrations compared to published Al concentrations in magmatic and hydrothermal quartz elsewhere (e.g., Jourdan et al. 2009; Müller et al. 2010 ), while Li is very low, even when compared to low-Li post-magmatic quartz from the High Tatra Mts. ). Titanium content is higher in quartz in the mafic component (26.6 -34.7 ppm) in relation of quartz in the felsic component (23.4 -28.3 ppm; Table 3 ).
Pale-green fluorapatite crystals are present in both components and exhibit different morphologies: from ball-shaped to prismatic ones ( Fig. 2 c, d ), but no important differences in chemistry were noted. They are all fluorapatite (Table 4) Table 5 ). The moderately negative slope of the LREE patterns (La N / Sm N = 0.3-0.6) and strongly fractionated HREE patterns (Gd N / Lu N = 11.7-13.0) are relatively consistent throughout the analysed grains ( Sr ratio in apatite is high and equal to 0.719175, with an age-corrected 143 Nd / 144 Nd ratio of 0.511699 (Table 6 ). (Table 7) . The flakes are ductile deformed, without visible cracks. The phlogopite chloritization is restricted, and is associated with formation of secondary titanite and epidote. Chlorite is represented by clinochlore-chamosite, according to the Nomenclature Committee of the AIPEA (Bailey 1988) . The Fe /(Fe + Mg) ratio attains 0.5-0.72 (Table 8) . However, the chlorite composition shows a relatively wide range of Al IV /(Al IV +Si) ratios, ranging from 0.26 to 0.40. Rare muscovite crystals are zoned in respect to Mg and Si distribution, decreasing from the core to the rim, while Na increases in the opposite way (Table 6) .
Minerals of the epidote group show the strong but irregular zonation with respect to REE (Figs. 3b,c; 6), they belong to allanite-(Ce) and epidote, with ΣREE oxide = 25.0 -0.6 wt. %, Ce enriched relative to La and U enriched relative to Th (Table 2 ). Primary ilmenite (Table 9 ) forms tiny inclusions in dark mica, shows titanite coronas (Fig. 4d ). These secondary titanite crystals are moderately enriched in F, Al and Fe (Table 10) .
Fluorapatite dating
LA-ICP-MS U-Pb fluorapatite data points are aligned along a discordia as a result of variable incorporation of Table 1 : Feldspar composition and temperature estimated using Fuhrman and Lindsley (1988) two-feldspar geothermometry fluorapatite-rich dyke from Baraniec Mt., Tatra Mts. common Pb. The apatite sample yields a Tera-Wasserburg lower intercept age of 328.6 ± 2.4 Ma (MSDW = 0.75; Table 11 ; Fig. 7 ). The discordia was anchored using the Stacey & Kramers (1975) terrestial Pb evolution model calculated for the apatite U-Pb age. The corresponding unanchored lower intercept age is 334 ±14 Ma.
Whole rock chemistry of fluorapatite-rich vein
The felsic component shows high SiO 2 (72.1 wt. %), Al 2 O 3 (16.0 wt. %), Na 2 O (4.7 wt. %.) and CaO (3.8 wt. %) concentrations, while in the mafic component high P 2 O 5 (10.5 wt. %) and total Fe as Fe 2 O 3 (9.8 wt. %) contents are characteristic (Table 12) . Among trace elements Y and V show the highest contents in the mafic component. Rare earth element (REE) concentrations also differ in both vein components ( Table 12 ). Isotope composition of T sample recalculated to 328 Ma is ( 143 Nd / 144 Nd) 328 = 0.511711, ε Nd 328 = -9.9 and I Sr 328 = 0.72837 (Table 6 ). Trace element "spider" diagrams normalized to primitive mantle (PM) for all samples do not show a significant fractionation between large-ion lithophile elements (LILE) and high field strength elements (HFSE) (Fig. 8) . Strongly negative Th anomalies, coexisting with U enrichment, negative Zr and Hf anomalies and slightly negative Nb anomalies are characteristic of all the samples, while Ta anomalies are lacking. Posi tive and negative Sr anomalies in the felsic and mafic components are observed respectively (Fig. 8) , similarly to the positive and negative Eu anomalies in chondrite-normalized REE diagrams (Fig. 5) , consistent with plagioclase being the main carrier of Sr and Eu.
Discussion
Emplacement mechanism and pressure-temperatureoxygen fugacity estimations
The textures observed in feldspars, like mechanical twinning and the ductile deformations of biotite flakes point out the vein intrusion was syntectonic (Brown & Parsons 1994) . The cooling time for a relatively small dyke (approx. 1 m in diameter) should not be long, so one can expect the chilled margin around the contact in the case of the temperature difference, which, however, is not present. This suggests that host rocks were warm enough to prevent the chilled margin formation or metasomatic character of the vein. Note: All data obtained by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). The crystallization temperatures of quartz Tmin, Tmax, Tmean were calculated applying the Ti-in-geothermometer by Wark and Watson (2006) . LoD = Limit of Detection. "F"-felsic and "M"-mafic. The Ti concentrations in quartz (Table 3) have been used for calculation of the quartz crystallization temperature, applying the Ti-in-quartz geothermometer of Wark & Watson (2006) . Quartz from the felsic component crystallized between 598 and 616 °C, while quartz from the mafic component exhibits crystallization temperatures 610 -634 °C (Table 3) , both supporting the late magmatic origin of the segregation. The presence of antiperthitic exsolution in plagioclase enables ternary feldspar temperatures to be calculated. Results for the computations yield temperatures of 495 -550 °C (Table 1) , interpreted as cooling conditions. The amount of phengite substitution in the muscovite core was used to calibrate the pressure (Table 7 ; Massone & Schreyer 1987) which is in the range of 400 -500 MPa.
The regression equations according to Kranidiotis & MacLean (1987) and Cathelineau & Nieva (1985) procedures were used to establish the temperature range of the chlorite's formation from the chemical composition of chlorites formed at the expense of biotite. The temperature calculations reveal one crystallization interval, with the average temperature at 323 °C and at 336 °C, respectively (Table 8 ; Fig. 9 ) that could be consistent with the low pressure muscovite rims (Table 7) , suggesting a clockwise cooling P -T path. Late fluid circulation causing the secon dary alterations in this temperature range and at very low pressure (Fig. 9 ) is in agreement with P-T conditions stated elsewhere in the Tatra Mountains (Gawęda & Włodyka 2012) .
The enrichment in LREE and the presence of pronounced negative Eu anomalies in the chondrite-normalized REE patterns of fluorapatite (Fig. 5) , the relatively high Ti content of biotite (Table 7 ) and the presence of primary ilmenite (Fig. 4d) , indicate oxidizing conditions in an early crystallization stage of the mafic component. The presence of minerals from the epidote group both as inclusions in apatite (Fig. 3c ) and as the late mineral, overgrowing fluorapatite (Fig. 4b) , suggest more oxidizing conditions. The presence of the secondary titanite coronas on ilmenite (Fig. 4d ) also associated with biotite chloritization marks the late, low temperature oxidation event (Harlow et al. 2006 ; Fig. 9 ). The positive Eu anomaly in the felsic component of a dyke is likely a result of the abundance of plagioclase which is a carrier of Eu 2+ , suggesting rather reduced conditions in felsic component of the pegmatite-like segregation. All these facts could be a result of local oxygen fugacity fluctuations during crystallization.
Timing of the vein intrusion and its relation to the granite
Taking into account the relatively low closure temperature of the U-Pb system in fluorapatite (375-550 °C; Chamberlain & Bowring 2000; Schoene & Bowring 2007; Cochrane et al. 2014) , and the crystallization temperatures obtained in this study, the apatite U-Pb age of 328 Ma could be interpreted as the time of the cooling of the dyke. The apatite U-Pb system records subsequent cooling of the granitoid intrusion at 340 Ma , and these rocks seem unlikely to be the source of apatite-rich melt. Fluorapatite-rich rocks are present in the Tatra Mountains (Gawęda 2008; ), however they are commonly associated with the oldest magmatic episode at ca. 368 Ma (Burda et al. 2011; Szopa et al. 2013 ) and show U-Pb apatite cooling age of ~ 340 Ma 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 Table 4 : Representative electron-microprobe analyses and crystal-chemical formulae of fluorapatite. documented within the Tatra Massif and are associated with hydrofracturing, boron metasomatism and mo lybdenite crystallization, but are dated at 350 ±1 Ma , which is roughly 22 Ma older than the pegmatite dated in this study and hence should be excluded as the direct source of P and F. The chondrite-normalized REE patterns of apatite differ slightly from those of Tatra granitoids, showing higher REE fractionation indices (Table 5 ; Fig. 5 ; cf.: Gawęda et al. 2016 ). The U-Pb apatite age, determined in this study fits well with the 40 Ar-39 Ar age range (330 -300 Ma) obtained for micas from the High Tatra granite (Kohút and Sherlock 2003) . The U-Th-Pb ages of secondary monazite-(Ce) crystals from the Western Tatra Mountains, also cluster at ~ 330 Ma (Burda & Dzierżanowski 2005) and they are in agreement (within age uncertainties) of the U-Pb fluorapatite age of 328.6 ± 2.4 Ma.
Fig. 5. Chondrite (C1)-normalized REE patterns of apatite crystals from apatite-rich pegmatite-like dyke, whole rock sample (T), mafic component (M) and felsic component (F).
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Origin of the parent melt/fluid to the fluorapatite-rich vein
The analysed vein is unzoned and does not show any typical pegmatite internal structure (e.g. Simmons & Webber 2008; London 2009 ). The chemical composition of both mafic and felsic components are also not conclusive. The major element composition of the felsic component is governed by the abundant plagioclase and quartz, while mafic component chemistry is a result of fluorapatite and ferroan phlogopite concentrations. Among trace elements, V show increased concentration Kranidiotis & MacLean (1987) and Cathelineau & Nieva (1985) procedures.
in titanite, while fluorapatite is a main Y carrier, both phases showing enrichment in the pegmatite mafic component. Chondrite-normalized REE-patterns of the felsic component, with positive Eu anomaly, are typical of feldspar-governed fractions, while negative Eu anomaly in mafic component mirrors the geochemical charac teristics of apatite and the minerals of the epidote group. In the primitive mantlenormalized multi-element diagrams (Sun & McDonough, 1989) negative Nb and positive Ta anomalies are present, suggesting atypical arc setting (Thirwall et al. 1994 ) but another process (fractional crystallization?) overlapping the source characteristics. Trace element characteristics of the felsic component (Sr /Y = 86.63; Table 12 ) suggest slab melting and its adakitic sensu lato provenance (Moyen 2009 ), while mafic component trace element chemistry shows no such relationships (Table 12 ). Isotopic signatures also point out no mantle/lower crustal influence, which is necessary to characterize the adakitic melts, even those not connected to slab melting (Macpherson et al. 2006 ).
As apatite is a Rb-free phase, its Sr composition could be treated as the direct marker of its origin. The high 87 Sr/ 86 Sr ratio of apatite (0.719175) and age corrected 87 Sr/ 86 Sr ratio of the whole rock of 0.72837 suggest its crustal origin. The Sm-Nd isotopic composition of the whole-rock vein sample and fluorapatite are in agreement with the Sr data, also suggesting the crustal origin of the melt parent to the vein. Stable fluorapatite REE chemistry (Fig. 5) suggests only one melt source. The ε Nd 328 for apatite-rich segregation (-9.85; Table 6 ) is in the same range as for typical Tatra metapelite (ε Nd 340 = -11.32; Gawęda 2009; recalculated value ε Nd 328 = -11.13; Table 6 ) and from analogous metasedimentary rocks (Kohút et al., 2008) . The mean 207 Pb / 206 Pb ratio of feldspars shows a typically crustal value, supporting the former suggestions. Possibly dehydration-partial melting of the upper crust was the source of the melt parent for the dyke in question and the genetic link to the eclogite boudin could be excluded, as that shows typical mantle values (ε Nd 360 = 5.0-6.7; Burda et al. 2015) . However, the computed crystallization temperatures (598-634 °C) are too low to explain the mafic component presence, which needs much higher temperatures to crystallize. Low solubility of Fe and Mg in granitic (sensu lato) melts (Puziewicz & Johannes 1988) implies these elements should be introduced to pegmatitic systems by aqueous fluids, circulating throughout the variegated country rocks and causing the mass transfer from wall rocks (Roda et al. 2004 and references therein) .
The main problem is to define the rocks, which were the source for the mafic components. As Rb-Sr and Sm-Nd isotope systems are very sensitive to cation leaching and are (Pyka et al. 2014) . Taking into account the crustal signatures of the pegmatite-like segregation, proved by the Rb-Sr, Sm-Nd and Pb isotopic systems (Table 6 ), the cation leaching from sheared metapelites, originally rich in Fe, Mg, Ca, is the only explanation as the source of the "mafic" cations. Liberation of P, Ca, Fe, REE and Y was possible due to monazite/xenotime decomposition by CO 2 -F-H 2 O -rich fluids, while Th was trapped in ThSiO 4 phase (Szopa 2009; Ondrejka et al. 2012) . The ThSiO 4 phase is a common remnant in pseudomorphs after monazite-(Ce) from crystalline rocks of the Western Tatra Mountains (Szopa 2009 ) that explains a negative Th anomaly in primitive mantle-normalized multi-element diagrams (Fig. 8 ) and enrichment in P and F in the melt. The source of fluorine is still unknown, but the circulation of F-rich fluids was noted in supra-subduction zones, due to phengite and /or F-amphibole breakdown (Sheng et al. 2013) . The high activity of fluorine and phosphorus was noted during hydrothermal alterations elsewhere in the crystalline cores of the Central Western Carpathians (Burda & Dzierżanowski 2005; Szopa 2009; Uher et al 2009; Gawęda & Włodyka 2012; Ondrejka et al. 2012) .
Fluid mobility was possibly enhanced by post-collisional uplift and extension. Decompression of the crystalline rocks could generate the partial melts, showing chemistry partly inherited from the melted metapelitic rocks and from the circulating (P, F, H 2 O)-rich fluid which stimulated melting. The melt temperature was too low to influence the eclogite tectonically included in the system, but restricted leaching cannot be rejected, causing the oxygen fugacity fluctuations. The accumulation of volatile-rich melts could efficiently stimulate the hydraulic opening of the fractures. Fluid super-saturated magma Table 11 : Representative LA-ICP-MS U-Pb apatite data for fluorapatite-rich dyke from Baranec Mt., Slovakia.
had been easily moved to these extensional fractures according to the magma pumping mechanism (Demartis et al. 2011 ). The original melt may have had the composition of the felsic component. The crystallization of abundant plagioclase causes a decrease in Ca / P ratio and limited crystallization of apatite in the felsic component (Roda et al. 2004 ). Phosphorus, as incompatible element (Bea et al. 1992 ) progressively concentrated in the late fluid, mixed with the external fluid, rich in F and H 2 O, carrying the elements fluxed from more mafic metapelites, squeezed as bubbles and crystallizing the mafic component of the vein.
Although the main cooling stage is dated ~ 340 Ma using the same apatite U-Pb method , the younger pulses of uplift and anataxis cannot be excluded. Possibly the southern part of the Tatra metamorphic cover was affected by the multistage uplift, starting from a preintrusive episode, leading to the formation of kyanite-quartz segregations (Pyka et al. 2013 (Pyka et al. , 2014 through syn-intrusive , late-intrusive ) to post-intrusive segregation, associated with local and space-restricted magma /fluid flow.
Conclusions
1. The apatite-rich pegmatite-like dyke was emplaced syn-tectonically into a fault zone at ca. 600 °C and 400 -500 MPa. Fluorapatite LA-ICP-MS U-Pb age of 328.6 ± 2.4 Ma is interpreted as the cooling age of the dyke.
2. The Sm-Nd, Rb-Sr and 207 Pb / 206 Pb isotope data suggest a purely crustal source for the melt/fluid parent to the pegmatite-like dyke, and no genetic link to the long-lived Variscan granitoid magmatism. A possibly source for the apatite-rich pegmatite dyke was (F, H 2 O)-rich fluids, generated during exhumation of the crystalline core of the massif liberating Fe, Mg, Ca, P, REE from originally mafic metapelites, containing monazite and xenotime and which could also facilitate local partial melting. 
